RV UMa is one of the most extensively studied RR Lyrae stars showing Blazhko modulation. Its photometric observations cover more than 90 years. The published photoelectric observations of RV UMa obtained at the Konkoly Observatory (Kanyó, 1976) were re-considered and completed with previously unpublished data. During the time interval of the observations the periods of both the pulsation and the modulation varied within the ranges of 0.000007 and 0.9 days, respectively. We have found a definite but not strict inverse relation between the pulsation and modulation periods of RV UMa.
Introduction
RV UMa is one of the fundamental mode RR Lyrae stars showing large amplitude light curve modulation (Blazhko effect, see Sódor 2007 , in this issue), which has been regularly observed during the last century. The available comprehensive photometric data of RV UMa make it possible to follow long term changes in its pulsation and modulation properties, that may help to solve the hundred-year old puzzle of the modulation phenomenon. Balázs & Detre (1957) studied the changes of the pulsation and modulation periods of the star most thoroughly. They found that the changes in the periods were the opposite of each other. This behavior was later confirmed by Kanyó (1976) . A detailed, quantified analysis of the long term behavior of RV UMa has not, however, been performed yet.
In this paper, based on all the available photometric observations, we show how the pulsation and modulation periods of RV UMa changed during the 100-year time base.
The Data
All the published data of RV UMa which were suitable for the analysis of the light curve and/or maximum brightness variation were collected and used. The summary of the collected photometries is given in Table 1 . We did not use the published maximum brightness times and magnitudes of these data sets, instead we have derived individual maximum times and brightness values from the original data in a homogeneous manner. If the data distribution did not allow to define accurate enough individual maximum timings and brightness values then normal maxima were determined from points of about 10 day intervals, during that interval the amplitude of the pulsation does not change significantly taking into account the 90 day long periodicity of the modulation. The derived timings and transformed magnitudes (see details later) of the light maxima and timings of maximum amplitude epochs of the modulation are available electronically at http://konkoly.hu/24/publications/rvuma/.
Constructing the O − C diagram of the pulsation we also utilized maximum times from the literature when no photometric data were given Agerer & Hübscher 2002 , 2003 Ahnert 1961; Aubaud 1991; Braune & Hübscher 1967 Braune & Mundry 1982; Braune, Hübscher & Mundry 1970 , 1972 , 1977 , 1979 Dombrovski 1935; Fitch, Wisniewski & Johnson 1966; Geyer 1961; Hübscher 2000 Hübscher , 2001 Hübscher , 2003 Hübscher , 2005 Hübscher et al. 1994 Hübscher et al. , 1998 Hübscher et al. , 1999 Hübscher & Lichtenknecker 1988; Hübscher & Mundry 1984; Hübscher, Agerer & Wunder 1991 , 1992 , 1995 Hübscher, Lichtenknecker & Meyer 1987; Hübscher, Lichtenknecker & Wunder 1989 , 1990 Hübscher, Paschke & Walter 2005; Lange & Kanishcheva 1961; Le Borgne, Klotz & Boër 2004 Soloviev 1936 Soloviev , 1941 Tsesevich 1969; Vandenbroere 1997 Vandenbroere ,1999 Vandenbroere , 2001 Vandenbroere , 2005 .
The photoelectric observations obtained at the Konkoly Observatory and partly published by Kanyó (1976) were re-considered. We have found that the published data were erroneously transformed to the standard system which explains the magnitude differences between the Preston & Spinrad (1967) and Kanyó (1976) magnitudes. We have rereduced the original observations to correct this error. In the new reduction we dropped out the observations of two nights (JD 2 437 672, JD 2 437 780) and some uncertain data points of other nights. Altogether 43 data points were left out from the Kanyó's (1976) data. We completed these data with further, previously unpublished observations of our Observatory which extended the observational material with data of 33 nights, 835 data points in the V band and 40 nights, 1083 data points in the B band. Kanyó (1976) , a corrected data set is used in this paper (see details in the text). Table 1 Photometric observation of RV UMa, and the coefficients of the linear transformations of the light curves and maximum brightness data which were applied in order to yield a complete, homogeneous data set. The effect of the modulation concentrates on the minima and the maxima of the light curve, while on the rising and ascending branches 'fix points' exist. When the minima is the brightest then the maxima is the faintest and when the minima is the faintest then the maxima is the brightest.
Konkoly observations cover nearly 17 years which gives us the opportunity to determine more accurate pulsation and modulation periods for a longer time interval. Figures 1 and 2 show the photoelectric B observations obtained at our Observatory phased with 0.
d 468062 pulsation and 90.
d 44 modulation periods, respectively.
In order to extract the most information possible from the observations, all the photometric data were transformed The data almost completely cover each phase of the modulation. The amplitude of the changes in the minima is smaller than the changes of the maxima. The scatter of the maximum brightness is the result of the changes in the period of the modulation during the observations (see also Figure 4 ).
to the magnitude scale of the photoelectric B observations. Although no exact linear transformation exists between the light curves in different wavelength bands, the linearly transformed, 'homogenized' data have a much better time coverage than the original data sets, allowing to determine the pulsation and modulation periods at different epochs more accurately. The different observations were homogenized using linear transformations derived separately for the light curve data and for the maximum brightness Table 1. magnitudes. The light curve data were transformed by the fit to the mean value of the brightness of minima and maxima to those of the standard light curve, while the maximum brightness magnitudes were transformed by the fit to the minima and maxima of the standard maximum brightness magnitudes. As standard light curve and standard maximum brightness magnitudes, we used the photoelectric B observations obtained at the Konkoly Observatory, because they were the most numerous and they almost completely covered each phase of the Blazhko cycle (Figure 2 ). In deriving the linear coefficients of the transformations it was also taken into account which Blazhko phases were or were not covered by the data. The coefficients of the linear transformations applied are listed in Table 1 . The linearly transformed maximum brightness data are also given in the electronic tables of the maximum timings. The differences between the coefficients "a" of the light curve and of the brightness of maxima are relatively small for most of the data sets which justify the reliability of our method. In the case of visual observations the discrepancy can be explained by their considerably larger uncertainties. The "b" coefficients stand for the zero points' differences. This explains their large divergences.
As an example Figure 3 shows the maximum brightness variation of the homogenized data set for the JD 2 417 852 − 2 420 985 interval. Observations on different magnitude scales well define the same maximum brightness variation during the Blazhko cycles after the linear transformation.
Data analysis
Within the uncertainties arising from the differences of the photometries we did not find any sign of changes in the pulsation and modulation properties of RV UMa except the detectable changes in the modulation period. Therefore our investigation is focused on the connected changes in the pulsation and modulation periods on the 100-year time base. Table 2 . Panels C and D show the plots of the modulation O − C diagram of the maximum amplitudes and the measured Blazhko periods. The fits in panels B and D are not the actual fits to the data but correspond to the derivatives of the harmonic (dashed lines) and low order polynomial (dotted lines) fits to the O − C data shown in panels A and C.
Period changes were followed by the help of the O − C plots of the pulsation light and modulation amplitude maxima (A and C panels in Figure 4) . The O − C data were calculated according to the following ephemerides:
The O − C data were fitted by different order polynomial and harmonic functions and the period changes were defined as the derivatives of the different fits to the O − C data. In Figure 4 the dashed and dotted lines correspond to first or second order polynomial fits to the different parts of the O − C data, and a 4th order harmonic fit to the entire data set. The indirect period determinations were compared with directly measured period values derived for the different subsets of the data (B and D panels in Figure 4) . The pulsation periods were determined from the Fourier analysis of the light curve data by using the program package Mufran (Kolláth, 1990) , whereas the periods of the modula- Table 2 Pulsation and Blazhko periods derived from the combined, homogenized subsets of the photometric data. Pulsation and modulation periods were determined from the light curves, and from the magnitudes of maxima, respectively.
tion from the variation of the maximum brightness values. The combined, homogenized data set was divided into 7 subsets taking into account the data distribution and the pulsation period changes indicated by the maximum brightness O − C shown in the top panel of Figure 4 . For the intervals JD 2 436 229 − 2 437 463 and JD 2 437 652 − 2 442 422 only the photoelectric B data were analyzed. The directly determined pulsation and Blazhko periods and their errors for the 7 data subsets are listed in Table 2 . The good agreement between the directly measured and calculated period values confirms the correctness of our method and strengthens the validity of the period values obtained (see Figure 4 ).
Conclusion
Using data of a hundred-year time base we confirm that the pulsation and modulation period changes of RV UMa are more or less the opposite of each other as it was already found in previous investigations by Balázs & Detre (1957) and Kanyó (1976) . According to the latest observations (Hipparcos, NSVS) the anti-correlated change of the periods still holds. There are only three Blazhko variables whose long term changes in their pulsation and modulation periods could be followed. 
